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Lilienfeld proposed the theoretical concept of a field-effect transistor (FET) in 1926 and patented it in 1930. In 
1960, Kahng and Atalla developed the first FET using a metal±oxide±semiconductor (MOSFET). Since then, 
advancements in the electronics industry have led to an increase in the density of silicon MOSFETs and improvements 
in their logic performance. These advancements have enabled the industry to keep up with the demanding pace required 
by Moore¶s law. However, as the MOSFET size is reduced, short channel effects cause increased off-state drain-source 
leakage and limit the carrier transport velocity in the channel region. As a solution to the leakage problem, a fully 
depleted silicon-on-insulator (FD-SOI) MOSFET structure  has been proposed, in which a buried oxide layer having a 
wide band gap is inserted. To increase the carrier transport velocity in the channel region, the channel material can be 
changed to a III-V compound semiconductor having high electron carrier mobility. In this thesis, we employed InGaAs 
as a channel material deposited on InP substrates. To realize a III-V MOSFET, three requirements must be satisfied: a 
gate stack with superior interface quality and high-k dielectric, thin III-V channel formation on silicon, and S/D 
formation with good thermal stability and low resistivity. In our research, we focus on S/D formation issues to realize a 
III-V MOSFET. 
Pure Cu as an electrode material offers advantages such as low resistance and low cost. On the other hand, Cu 
rapidly diffuses into GaAs by interstitial diffusion. Because Cu atoms in GaAs form Cu-Ga precipitates and remain 
electrically inactive, pure Cu is not suitable as an ohmic contact material for GaAs. To exploit the advantages of a Cu 
electrode, we specially focus on a Cu/Ge contact material. a ߝଵ-Cu3Ge compound is known as a good contact material 
with good thermal stability and low contact resistivity. Cu diffusion is strongly suppressed by the presence of Ge. This 
results from the strong Cu-Ge bonding in the various intermetallic compounds. Similar to Ge, Si as a second constituent 
forms intermetallic compounds with Cu. However, Cu-Si alloy as electrode has not been reported to our knowledge. 
The main purpose of this study is to investigate the feasibility of a Cu-Si alloy electrode for n-GaAs and InGaAs. In 
particular, this research is achieved by the following objectives. After annealing treatment, the crystal structure of the 
reaction layer is analyzed and the relationship between the electrical contact and the characteristics of the reaction layer 
is investigated. The electrical properties and microstructure of Cu-Si alloy on GaAs are investigated. The advantages of 
a refined TLM (RTLM) over a conventional TLM are demonstrated experimentally. RTLM is applied to Cu and Cu-Si 
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alloys on InGaAs to understand the relation between the contact resistivity and the interface reaction. 
Chapter 2 explains different methods for thin-film processing, including thin-film deposition and pattering, and 
various analysis and measurement techniques for thin-film characterization. The substrates used in this study can be 
broadly divided into GaAs and InGaAs wafers according to the research purpose. GaAs substrates have n-type 
GaAs(100), GaAs(111)A, and GaAs(111)B wafers doped with Si to a concentration of 1×1018 cm-3 to investigate the 
interface reaction between Cu and GaAs. InGaAs substrates have 500-nm-thick n-type In0.53Ga0.47As:Si with a dopant 
concentration of 2.05×1018 cm-3, 2.05×1017 cm-3, 2.05×1016 cm-3, and 2.05×1015 cm-3 grown on bulk InP. Meanwhile, 
we designed a new test cell for RTLM measurement. The processing steps for fabricating the test cell were as follows. 
A stack of insulating InP and high-resistance InP were used as substrates. InGaAs doped with Si was deposited as a 
channel layer with various doping concentrations. The active layer, InGaAs, on the InP substrate was subjected to mesa 
etching. As electrodes, Cu and Cu-Si alloys were deposited by using RF sputtering. Next, lift-off patterning was 
performed. Then, annealing was performed at 400°C for 1 min in vacuum. The fabricated samples were measured at 
room temperature in the dark using an Agilent semiconductor parametric analyzer. 
In chapter 3, we reviewed the interfacial reaction between Cu and GaAs in more detail by using TEM and XRD. 
We also investigated the electrical contact property after annealing at various temperatures to understand the effect of 
interface reconstruction after annealing. It has been known that pure Cu forms a Schottky contact with GaAs with a 
barrier height of 0.92 eV due to Fermi energy pinning by a high density of interface states. Meanwhile, we need to 
consider that the Schottky barrier height might vary due to interface reconstruction after annealing. Generally, Cu 
rapidly diffuses into GaAs at low temperatures. In their study, Aboelfotoh et al. discovered that the reaction layer 
between Cu and GaAs was a Cu3As phase known as -domeykite, and it provided almost perfect solid-state epitaxy of 
Cu3As on GaAs. However, the Cu/GaAs electrical contact property has not yet been fully clarified. In this chapter, we 
determined lattice constant of Cu3As layer between Cu and GaAs in more detail by using TEM and XRD. The obtained 
values were respectively 2.1% and 0.68% lesser than the published crystallographic data. The decrease in the lattice 
parameters can be explained by Cu diffusion growth. We also investigated the electrical contact property after annealing 
at various temperatures to understand the effect of interface reconstruction after annealing. Before annealing, Cu/GaAs 
showed schottky contact property. After annealing above 400oC, the epitaxial reaction layer of Cu3As was formed and 
ohmic contact property is obtained. Although the electron energy band structure of Cu3As is not known, the band 
alignment in the Cu/Cu3As/GaAs structure may lead to the ohmic contact. The epitaxial growth may be also important 
to reduce excess interface states. 
Despite good ohmic contact, Cu alone cannot be used because it rapidly diffuses in GaAs by interstitial diffusion. 
Instead, Cu intermetallic compounds may be used to suppress Cu diffusion into GaAs. In chapter 4, we investigate the 
annealing effects on Cu-Si alloy films on n-type GaAs to understand the relationship between the interface 
microstructure and the electrical contact properties after annealing. The first, we tried three film deposition methods to 
add Si into an electrode. As a result, Co-sputtered films showed almost no effect on the increase in the Si concentration 
compared to Cu/Si/GaAs and Si/Cu/GaAs. This indicates that for the co-sputtered film, recrystallization occurs, and not 
grain growth. When Si is added to Cu electrode, oxidation of Si should be avoided during annealing. To confirm this 
idea, a 40-nm-thick Ti film was deposited on the Cu-Si alloy film to prevent Si oxidation because Ti is more susceptible 
to oxidation than silicon. When Si oxidation is successfully avoided, Cu3As was formed and ohmic contact was 
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obtained. A strong chemical interaction between Cu and Si in the Cu-Si compounds may slowdown Cu interdiffusion 
and Cu3As formation. The thickness of the reaction layer may be reduced without sacrificing the ohmic property by 
adjusting the Si content in the Cu-Si film. 
The contact between any two conductors exhibits an interface resistance. The intensive quantity that characterizes 
WKLVFRQWDFWUHVLVWDQFHLVWKHVSHFL¿FFRQWDFWUHVLVWLYLW\GH¿QHGDVWKHUDWLRRIWKHYROWDJHDFURVVWKHLQWHUIDFHDQGWKH
current density through the interface. The accurate measurement of this quantity iV RI JUHDW WHFKQLFDO DQG VFLHQWL¿F
importance. In chapter 5, we propose the use of the RTLM for measuring the specific contact resistivity and the metal 
resistance separately. Section 5.2 introduces the RTLM model considering the effect of the non-zero metal resistance. In 
Section 5.3, a calculation method for the specific contact resistivity and the metal resistance is described in terms of the 
relation between the contact resistance and the contact length. Section 5.4 shows the calculation description of the 
RTLM test cell structure for Cu/InGaAs contacts before and after annealing. In chapter 5, we pointed the limitations of 
the conventional TLM and provide refined TLM model to measure a specific contact resistivity separately from metal 
resistivity. RTLM was successfully carried out for the ߩ௖  measurement of Cu on InGaAs before and after annealing. 
When Cu and Si react with the GaAs substrate, physical or chemical bonds are formed at an interface between 
them. Such contacts act as barriers to mobile carrier conduction. One method to form a low contact resistance is to 
design these barriers to be low enough such that current can cross the interface by thermionic emission or to be narrow 
enough such that current can crosVWKHLQWHUIDFHE\¿HOGHPLVVLRn. In chapter 6, we aimed to clarify the mechanism of 
Cu-Si ohmic contact on n-InGaAs using the RTLM model. To understand the variation of the specific contact resistivity 
with the substrate doping concentration, RTLM measurements were performed on the as-deposited sample and the 
annealed sample deposited on the InGaAs layer with various Si concentrations. In the as-deposited sample, the Schottky 
barrier between Cu and InGaAs was 0.2eV, which was around one-third that of the energy band of 0.75 eV. This results 
from the Fermi energy pinning effect. The Schottky barrier of the annealed Cu/InGaAs sample was 0.1 eV. As a result, 
the decrease in the Schottky barrier height can be attributed to the formation of Cu3As. Meanwhile, It was possible to 
measure precisely ߩ௖  between the Cu-Si electrode and InGaAs using the method RTLM. For all Si concentrations, the 
specific contact resistivity of the as-deposited samples showed little variation. After annealing, the specific contact 
resistivity exhibited a Si-concentration-dependent reduction. In the Cu-5Si and Cu-10Si samples, the change in the 
specific contact resistivity exhibits a pattern similar to that of pure Cu. This means that the Si diffusion effect was less 
than the formation of Cu3As below 10%. When the Si concentration was 15%, the specific contact resistivity was the 
minimum and the Si diffusion effect was the maximum. As the Si concentration increased above 15%, the specific 
contact resistivity increased gradually. In addition, the specific contact resistivity of Cu-25Si was higher than that of 
pure Cu. Based on the fact that the formation of Cu3As was suppressed in Cu-25Si, we reasoned that the insufficient 
formation of Cu3As increases the specific contact resistivity.  
In conclusion, we can clarify the mechanism of Cu-Si ohmic contact on n-InGaAs using the RTLM model. 
Change of ߩ௖  was observed after annealing and was attributed to Cu3As formation and Si diffusion into InGaAs. 
Cu-Si electrode can be a self-doping electrode to lower ߩ௖ . As a result, Cu-Si alloy can be considered as the candidate 
of the contact material to n-GaAs and n-InGaAs. 
 
? 477 ?
? 478 ?
